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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to a radio-frequency 
power amplifier device used in a radio transmitter, and 
in particular to a radio-frequency power amplifier device 
in which the output power is automatically controlled to 
be constant. 

Fig. 4 is a block diagram showing a prior-art radio- 
frequency power amplifier device for receiving and am- 
plifying a radio-frequency input signal 1 (hereafter re- 
ferred to as RF input signal). As illustrated, it comprises 
a radio-frequency power amplifier 2 having a gain con- 
trol terminal 3 for varying the gain of the power amplifier 
2 and producing an amplified radio-frequency output 
signal (hereinafter referred to as RF output signal) 4, a 
coupling capacitor 5 for extracting part of the RF output 
signal 4, a detector circuit 6 comprised of diodes and a 
smoothing circuit for detecting the radio-frequency sig- 
nal and producing a detected voltage output 7, a refer- 
ence voltage setting circuit 8 for outputting a reference 
voltage 8a corresponding to the power level that has 
been set in accordance with a power level switch control 
signal 10a supplied from a controller 10 and used for 
switching the output power, and a comparator/low-pass 
filter circuit 9 comparing the detected voltage 7 with the 
reference voltage 8a and having a low-pass filter (LPF) 
characteristics. 

In operation, the RF input signal 1 is power-ampli- 
fied by the power amplifier 2 to become the RF output 
signal 4. Part of the RF output signal 4 is input to the 
detector circuit 6 via the coupling capacitor 5. The de- 
tector circuit 6 performs the peak-detection, and outputs 
the detected voltage 7 corresponding to the magnitude 
of the RF output signal 4. The comparator/LPF circuit 9 
compares the detected voltage 7 with the reference volt- 
age 8a to detect their difference or error between them, 
and passes the error signal through the LPF to smooth 
it, and then outputs it. The error signal 9a output from 
the comparator/LPF circuit 9 is input to the gain control 
terminal 3 provided on the power amplifier 3. 

The path from the coupling capacitor 5 through the 
comparator/LPF circuit 9 to the gain control terminal 3 
forms a negative feedback circuit. When the RF output 
signal 4 becomes larger than the target value, the de- 
tected voltage 7 increases and a negative error signal 
is created to reduce the gain of the power amplifier 2. 
When the RF output signal 4 becomes smaller, a posi- 
tive error signal is created, and the gain of the power 
amplifier 2 is increased. In this way, the RF output power 
is automatically controlled to be constant. 

The reference voltage setting circuit 8 has a power 
level switching input terminal for permitting the target 
value to be set from the controller 10. By such setting, 
different set voltages can be output. Accordingly, any 
one of a plurality of output power values (power levels), 
from a low-power output to a high-power output, that is 


set by means of the controller 10, can be selected. 

Because the prior-art radio-frequency power ampli- 
fier device is configured as described above, when the 
output power (power level) is switched, the magnitude 

s of the signal input to the detector circuit 6 also varies. 
Accordingly, the detector circuit 6 must have a wide dy- 
namic range to cope with all the power levels. As a re- 
sult, when a low-power output is set, the detected volt- 
age 7 is minute, and the temperature variation of the 

10 forward -voltage of the detector diodes forming the de- 
tector circuit 6 gives a large influence on the output pow- 
er value. 

EP 041 2392 relates to a radio frequency power am- 
plifier in which an attenuator is provided for allowing a 
^5 single setting of the output power from the amplifier. This 
arrangement thus increases the range of output power 
applied to the detector. 

US P 4,392,245 describes a radio transmitter in 
which the output power from a directional coupler is at- 
tenuated by varying the coupling coefficient of that di- 
rectional coupler. 

SUMMARY OF THE INVENTION 

The present invention has been made to eliminate 
the problems described above, and its object is to pro- 
vide a radio-frequency power amplifier device enabling 
a variable (switching) control from a low power to a high 
power without widening the dynamic range of the detec- 
tor circuit, and reducing the temperature variation in the 
output value at the time of low power output. 

According to the present invention there is provided 
a radio-frequency power amplifier device as set out in 
appended Claim 1 . 

The radio-frequency power amplifier device accord- 
ing to the invention is provided with an extracting means 
for maintaining the input to the detector circuit at a con- 
stant level, and the input level to the detector circuit is 
not varied even if the power level is switched. 

As the input to the detector circuit is maintained at 
a constant level by the function of the extracting means, 
the diodes in the detector circuit perform the detection 
at the same operating point regardless of the output 
power. As opposed to the prior art, wide dynamic ranges 
are not required, and a sufficient detected voltage is ob- 
tained even at the time of low-power output, so the effect 
of the temperature characteristics of the diode forward 
voltage on the output is reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing a radio-frequency 
power amplifier device of a first embodiment of the in- 
vention. 

Fig. 2 is a block diagram showing a radio-frequency 
power amplifier device of another embodiment of the in- 
vention. 

Fig. 3 is a block diagram showing a radio-frequency 
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power amplifier device of a further embodiment of tine 
invention. 

Fig. 4 is a block diagram showing a radio-frequency 
power amplifier device in the prior art. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiment 1 

A first embodiment, Embodiment 1, of the invention 
will now be described with reference to Fig. 1 . The parts 
which correspond to those in Fig. 4 are given identical 
reference numerals, and their description will be omit- 
ted. 

The Embodiment 1 differs from the prior-art device 
in that a variable attenuator 11 is provided between the 
coupling capacitor 5 and the detector circuit 6 and hav- 
ing its attenuation controlled in accordance with the 
power level switch control signal 1 0a. Another variable 
attenuator 12 is provided between the comparator/LPF 
circuit 9 and the gain control terminal 3 and having its 
attenuation controlled by the power level switch control 
signal 10a. In place of the reference voltage setting cir- 
cuit 8 in Fig. 4, which outputs the reference voltage 8a 
corresponding to the power level that has been set in 
accordance with the power level switch control signal 
10a, a reference voltage setting circuit 18 generating a 
reference voltage 1 8a of a fixed value. 

The gain control terminal 3 constitutes the output 
power adjusting means, the capacitor 5 constitutes the 
coupling means, the detector circuit 6 constitutes a ra- 
dio-frequency detecting means, the comparator/LPF 
circuit 9 constitutes a comparing and smoothing means, 
and the variable attenuator 12 constitutes a feedback 
gain control means. 

In operation, the RF input signal 1 is power-ampli- 
fied by the power amplifier 2 to become the RF output 
signal 4. As in the prior art, part of the RF output signal 
4 is extracted by means of the coupling capacitor 5, and 
subjected to the below-described processing, and a 
negative feedback is given to the gain control terminal 
3 thereby to stabilize the output power. 

The signal extracted by the coupling capacitor 5 is 
proportional to the RF output signal 4. The signal is input 
to the variable attenuator 1 1 . The attenuation of the var- 
iable attenuator 11 is so controlled as to be large at the 
time of high power output and to be small at the time of 
low power output, so that the output of the variable at- 
tenuator 11 is at a constant level (within an invariable 
range) regardless of the output power (power level) of 
the radio-frequency power amplifier device. 

The detector circuit 6 detects the output of the var- 
iable attenuator 11 and outputs the detected voltage 7. 
The magnitude of the input radio frequency signal to this 
detector circuit 6 is at a constant level regardless of the 
power level by virtue of the variable attenuator as de- 
scribed above, except for variations due to error. Ac- 


cordingly the detected voltage 7 is expected to be at a 
constant level regardless of the power level. As a result, 
the reference voltage 1 8a for use in comparison with the 
detected voltage 7 need not be switched according to 

5 the target power level. The reference voltage 18a and 
the detected voltage which are at a constant level re- 
gardless of the power level are compared and smoothed 
at the comparator/LPF circuit 9, to obtain an error signal 
9a. The error signal 9a is fed back to the gain control 

10 terminal 3 through the variable attenuator 12 having its 
attenuation varied (switched) in accordance with the 
power level switch control signal 1 0a. 

The variable attenuator 1 2 is operated such that the 
overall gain of the negative feed back circuit does not 

IS vary with the power level. In accordance with the power 
level switch control signal 10a, the attenuation of the 
variable attenuator 1 2 as a feedback gain control means 
is set small at the time of high power output when the 
attenuation of the variable attenuator 11 is set large, and 

20 Is set large at the time of low power output when the 
attenuation of the variable attenuator 11 is set small. 

In the prior-art example described earlier, the mag- 
nitude of the input to the detector circuit 6 differs de- 
pending on the power level, and a problem was encoun- 

25 tered in connection with the dynamic range of the de- 
tector circuit 6 wherein at the time of high power input, 
the detector diodes in the detector circuit 6 may be over- 
loaded, and at the time of low power output a sufficient 
detected voltage 7 is not obtained. In the Embodiment 

30 1 , the input to the detector circuit 6 is at a constant level 
regardless of the power level, and the wide dynamic 
range which was required for the detector circuit of the 
prior art is not necessary. In the prior-art example, at the 
time of lower power output, a sufficient detected voltage 

35 7 was not obtained, and the temperature variation of the 
forward voltage drop of the detector diodes superim- 
posed thereon is not negligible, and the temperature 
variation of the output power is larger than when the 
power output is high. In contrast, in the Embodiment 1 , 

40 at the time of low power output, the detector circuit 6 is 
supplied with a signal of a sufficient magnitude, so the 
temperature variation at the time of the low power output 
is restrained. 


Fig. 2 is a block diagram showing a second embod- 
iment. Embodiment 2, of the invention. The parts corre- 
sponding to those in Fig. 1 are given identical reference 
numerals. 

The Embodiment 2 differs from the Embodiment 1 
in that, in place of the coupling capacitor 5 and the var- 
iable attenuator 11 , a variable coupling circuit 15 is pro- 
vided as a means of coupling-coefficient-variable cou- 
pling means. It has a coupling coefficient varied by the 
power level switch control signal 10a, and extracts part 
of the output power of the power amplifier 2 and applies 
it to the detector circuit 6. 


45 Embodiment 2 
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In the Embodiment 1, part of the output power is 
extracted with a fixed coupling coefficient and attenuat- 
ed by means of the variable attenuator 11 , so that the 
input to the detector circuit 6 is maintained at a constant 
level against the power level switching. In the embodi- s 
ment 2 of Fig. 2, the variable coupling circuit 15 is used 
so that the coupling coefficient itself is varied (switched). 
That is, the coupling coefficient is made small at the time 
of high power output and is made large at the time of 
low power output, so that the input to the detector circuit io 
6 is maintained at a constant level regardless of the pow- 
er level. 

Other parts operates in the same way as in the Em- 
bodiment 1 and the Embodiment 2 has the same effects 
as the Embodiment 1 . is 

Embodiment 3 

Fig. 3 is a block diagram showing a further embod- 
iment, Embodiment 3, of the invention. In the Embodi- 20 
ments 1 and 2 shown in Fig. 1 and Fig. 2, the variable 
attenuator 1 1 or the variable coupling circuit 1 5 are pro- 
vided such that the signal input to the detector circuit 6 
is maintained exactly at a constant level, i.e., within a 
range which is invariable against the power level switch- 25 
ing. When the width of the variation is very large, the 
devices are difficult to configure or are expensive. In the 
embodiment 3 of Fig. 3, the variable attenuator 11 op- 
erates so that the variation in the output when the power 
level is switched is restrained or reduced compared with 30 
the input, but not necessarily maintained within an in- 
variable range. In other words, the range in which the 
input to the detector circuit may vary but the width of the 
variation is smaller than in the prior art. To cope with the 
variation in the detected voltage 7, a reference voltage 3S 
setting circuit 8 having a variable reference voltage 8a 
is provided, and is switched in accordance with the pow- 
er level switch control signal 1 0a. 

In the Embodiment 3, since the range of operation 
of the detector circuit 6 is narrow compared with the prior 40 
art example, effects similar to those obtained in the Em- 
bodiments 1 and 2 are obtained. That is, the range re- 
quired of the detector circuit may be narrower than in 
the prior art (although wider than in the Embodiments 1 
and 2). Moreover, the reduction in the signal supplied to 45 
the detector circuit 6 at the time of low power output is 
restrained, so the effect of the temperature variation is 
reduced. 

In the Embodiments 1 to 3, the feedback control sig- 
nal is fed back to the gain control terminal 3 provided on 50 
the power amplifier 2, but some other methods may be 
employed. For instance, an additional variable attenua- 
tor may be provided in front of the power amplifier 2, and 
may be controlled to adjust the output power. 

In the Embodiments 1 to 3, the variation of the gain ss 
of the feedback circuit is made by means of the variable 
attenuator 12, but some other methods may be em- 
ployed. For example, the gain of the comparator/LPF 


circuit 9 may be switched. 

As has been described, according to the invention, 
a variable attenuator or a coupling-coefficient-variable 
coupling means is provided in front of the detector cir- 
cuit, and the variation in the input to the detector circuit 
is restrained or reduced even when the output power 
value is switched, and the range of operation of the de- 
tector circuit is limited. As a result, it is possible to obtain 
a device in which the dynamic range required of the de- 
tector circuit is narrowed, and the temperature variation 
of the output power at the time of the low power output 
is reduced. 


Claims 

1. A radio-frequency power amplifier device for pro- 
ducing an output whose magnitude is switched in 
accordance with a power level switch control signal, 
comprising: 

a radio-frequency power amplifier (2) receiving 
an input and providing a power-amplified output 
(4); 

an extracting means (5,11,15) for extracting 
part of the output power at the output of the ra- 
dio-frequency power amplifier, and outputting a 
signal having a magnitude indicative of the 
magnitude of the output of the power amplifier, 
said extracting means having a first gain varied 
in accordance with the power level switch con- 
trol signal; 

a high-frequency detecting means (6) detecting 
the output of the extracting means; 
a comparing and smoothing means (9) compar- 
ing the detected voltage of the high-frequency 
detecting means (6) with a predetermined ref- 
erence voltage, and smoothing the difference; 
a feedback gain control means (12) connected 
to receive the output of the comparing and 
smoothing means, said feedback gain control 
means having a second gain varied in accord- 
ance with the power level switch control signal; 
and 

an output power adjusting means for negative 
feedback controlling the output power of the 
power amplifier (2) in accordance with the out- 
put of the feedback gain control means. 

2. The device of claim 1, wherein said extracting 
means comprises: 

a coupling means for extracting part of the out- 
put power of the radio-frequency power ampli- 
fier and outputting a signal corresponding to the 
magnitude of the output of the power amplifier; 

and 

a variable attenuator receiving the output signal 
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from the coupling means, and having its atten- 
tuation varied in accordance with the power lev- 
el switch control signal. 

3. The device of clainn 1 , wherein said extracting 
nneans connprises a coupling-coefficient-variable 
coupling means having a coupling coefficient con- 
trolled in accordance with the power level switch 
control signal. 

4. The device of claim 1, wherein said extracting 
means controlling the magnitude of its output signal 
so as to be at a constant level regardless of the 
switching of the power level of the output of the de- 
vice. 

5. The device of claim 1 , further comprising a means 

for varying the reference voltage in accordance with 
the power level switch control signal. 

6. The device of claim 5, wherein said extracting 

means controls the magnitude of its output signal 
such that its variation with the switching of the pow- 
er level of the output of the device is reduced. 

7. The device of claim 1, wherein said extracting 
means, said high-frequency detecting means, said 
comparing and smoothing means, said feedback 
gain control means and said output power adjusting 
means form a feedback loop to control the gain of 
the power amplifier in accordance with the output 
of the power amplifier; and 

said feedback gain control means (12) is con- 
trolled in accordance with the power level con- 
trol signal in such a manner that the overall gain 
of the feedback loop is substantially constant. 

Patentanspruche 

1 . Radiof requenz-Leistungsverstarkervorrichtung 
zum Erzeugen eines Ausgangssignals, dessen 
Gr63e in Ubereinstimmung mit einem Leistungspe- 
gel-Schaltsteuersignal schaltbar ist, welche auf- 
weist: 

einen Radiofrequenz-Leistungsverstarker (2) 
zum Empfangen eines Eingangssignals und 
zum Liefern eines leistungsverstarkten Aus- 
gangssignals (4); 

eine Extraktionseinrichtung (5, 11, 15)zumEx- 
trahieren eines Teils der Ausgangsleistung am 
Ausgang des Radiof requenz-Leistungsverstar- 
kers und zum Ausgeben eines Signals mit einer 
Gr63e, welche die GroBe des Ausgangssignals 
des Leistungsverstarkers anzeigt, wobei die 
Extraktionseinrichtung eine erste Verstarkung 


aufweist, welche in Ubereinstimmung mit dem 
Leistungspegel-Schaltsteuersignal variabel ist; 
eine Hochfrequenz-Erfassungseinrichtung (6) 
zum Erfassen des Ausgangssignals der Ex- 

s traktionseinrichtung; 

eine Vergleichs- und Glattungseinrichtung (9) 
zum Vergleichen der erfaBten Spannung der 
Hochfrequenz-Erfassungseinrichtung (6) mit 
einer vorbestimmten Referenzspannung und 

10 zum Glatten der Differenz; 

eine Ruckkopplungsverstarkungs-Steuerein- 
richtung (12), welche derart angeschlossen ist, 
da3 sie das Ausgangssignal der Vergleichs- 
und Glattungseinrichtung empfangt, wobei die 

15 Ruckkopplungsverstarkungs-Steuer-einrich- 
tung eine zweite Verstarkung aufweist, welche 
in Ubereinstimmung mit dem Leistungspegel- 
Schaltsteuersignal variabel ist; und 
eine Ausgangsleistungs-Einstelleinrichtung 

20 zur negativen Ruckkopplungssteuerung der 

Ausgangsleistung des Leistungsverstarkers 
(2) in Ubereinstimmung mit dem Ausgangssi- 
gnal der Ruckkopplungsverstarkungs-Steuer- 
einrichtung. 

25 

2. Vorrichtung nach Anspruch 1, wobei die Extrakti- 
onseinrichtung aufweist: 

eine Kopplungseinrichtungzum Extrahieren ei- 
30 nes Teils der Ausgangsleistung des Radiofre- 

quenz-Leistungsverstarkers und zum Ausge- 
ben eines Signals entsprechend der Gr63e des 
Ausgangssignals des Leistungsverstarkers; 
und 

35 einen variablen Abschwacher zum Empfangen 

des Ausgangssignals von der Kopplungsein- 
richtung, welcher seine Abschwachung in 
Ubereinstimmung mit dem Leistungspegel- 
Schaltsteuersignal variabel hat. 

40 

3. Vorrichtung nach Anspruch 1, wobei die Extrakti- 
onseinrichtung eine kopplungskoeffizienten-varia- 
ble Kopplungseinrichtung aufweist, welche einen 
Kopplungskoeffizienten in Ubereinstimmung mit 

45 dem Leistungspegel-Schaltsteuersignal steuerbar 
hat. 

4. Vorrichtung nach Anspruch 1, wobei die Extrakti- 
onseinrichtung die Gr63e ihres Ausgangssignals 

50 derart steuerbar hat, da3 es auf einem konstanten 
Pegel unabhangig vom Schalten des Leistungspe- 
gels des Ausgangssignals der Vorrichtung ist. 

5. Vorrichtung nach Anspruch 1 , welche weiterhin ei- 
55 ne Einrichtung zum Variieren der Referenzspan- 
nung in Ubereinstimmung mit dem Leistungspegel- 
Schaltsteuersignal aufweist. 
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Vorrichtung nach Anspruch 5, wobei die Extrakti- 
onseinrichtung die GroBe ihres Ausgangssignals 
derart steuert, daB seine Variation mit dem Schalten 
des Leistungspegels des Ausgangssignals der Vor- 
riclitung reduzierbar ist. 

Vorriclntung nach Anspruch 1, wobei die Extrakti- 
onseinrichtung, die Hochfrequenz-Erfassungsein- 
richtung, die Vergleichs- und Glattungseinrichtung, 
die Ruckkopplungsverstarkungs-Steuereinrichtung 
und die Ausgangsleistungs-Einstelleinrichtung eine 
Ruckkopplungsschleife zum Steuern der Verstar- 
kung des Leistungsverstarkers in Ubereinstimmung 
mit denn Ausgangssignal des Leistungsverstarkers 
bilden; und 

die Ruckkopplungsverstarkungs-Steuerein- 
richtung (1 2) in Ubereinstimmung mit dem Lei- 
stungspegel-Steuersignal derart steuerbar ist, 
daB die Gesamtverstarkung der Ruckkopp- 
lungsschleife im wesentlichen konstant ist. 


Revendications 

1 . Dispositif a amplificateur de puissance a haute fre- 
quence pour la production d'un signal de sortie dont 
I'amplitude est commutee en fonction d'un signal de 
commande de commutation du niveau de puissan- 
ce, comprenant : 

un amplificateur de frequence a haute frequen- 
ce (2) recevant un signal d'entree et delivrant 
un signal de sortie (4) dont la puissance est 

amplifiee ; 

des moyens d'extraction (5, 1 1 , 1 5) pour extrai- 
re une partie de la puissance de sortie a la sor- 
tie de Tamplificateur de puissance a haute fre- 
quence et delivrer un signal possedant une am- 
plitude indicative de I'amplitude du signal de 
sortie de I'amplificateur de puissance, lesdits 
moyens d'extraction possedant un premier 
gain modifie en fonction du signal de comman- 
de de commutation du niveau de puissance ; 
des moyens de detection a haute frequence (6) 
detectant le signal de sortie des moyens 
d'extraction ; 

des moyens de comparaison et de lissage (9) 
comparant la tension detectee des moyens de 
detection a haute frequence (6) a une tension 
de reference predeterminee, et lissant la 

difference ; 

des moyens (12) de commande de gain de 
reaction connectes de maniere a recevoir le si- 
gnal de sortie des moyens de comparaison et 
de lissage, lesdits moyens de commande de 
gain de reaction possedant un second gain mo- 
difie en fonction du signal de commande de 
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commutation du niveau de puissance ; et 
des moyens de reglage de la puissance de sor- 
tie pour la commande, par contre-reaction de 
la puissance de sortie de I'amplificateur de 
puissance (2) en fonction du signal de sortie 
des moyens de commande du gain de reaction. 

Dispositif selon la revendication 1 , dans lequel les- 
dits moyens d'extraction comprennent : 

des moyens de couplage pour extraire une par- 
tie de la puissance de sortie de I'amplificateur 
de puissance a haute frequence et delivrer un 
signal correspondant a I'amplitude du signal de 
sortie de I'amplificateur de puissance ; et 
un attenuateur variable, qui regoit le signal de 
sortie provenant des moyens de couplage et 
dont I'attenuation est modifiee en fonction du 
signal de commande de commutation du ni- 
veau de puissance. 

Dispositif selon la revendication 1 , dans lequel les- 
dits moyens d'extraction comprennent des moyens 
de couplage a coefficient de couplage variable, dont 
le coefficient de couplage est commande en fonc- 
tion du signal de commande de commutation du ni- 
veau de puissance. 

Dispositif selon la revendication 1 , dans lequel les- 
dits moyens d'extraction commandent I'amplitude 
de leur signal de sortie de maniere qu'elle soit a un 
niveau constant independamment de la commuta- 
tion du niveau de puissance du signal de sortie du 
dispositif. 

Dispositif selon la revendication 1 , comprenant en 
outre des moyens pour modifier la tension de refe- 
rence en fonction du signal de commande de com- 
mutation du niveau de puissance. 

Dispositif selon la revendication 5, dans lequel les- 
dits moyens d'extraction commandent I'amplitude 
de leur signal de maniere que sa variation lors de 

la commutation du niveau de puissance du signal 
de sortie du dispositif est reduite. 

Dispositif selon la revendication 1 , dans lequel les- 
dits moyens d'extraction, lesdits moyens de detec- 
tion a haute frequence, lesdits moyens de compa- 
raison et de lissage, lesdits moyens de commande 
de gain par reaction et lesdits moyens de reglage 
de puissance de sortie torment une boucle de reac- 
tion servant a commander le gain de I'amplificateur 
de puissance en fonction du signal de sortie de I'am- 
plificateur de puissance ; et 

lesdits moyens (12) de commande de gain par 
reaction sont commandes en fonction du signal 


6 


11 EP 0 509 733 B1 12 


de commande de niveau de puissance d'une 
maniere telle que le gain global de la boucle de 
reaction est essentiellement constant. 
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